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polymerization of starting monomers in the presence of at least one 
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where R is hydrogen or hydrocarbyl having from 1 to 20 carbon 
atoms, preferably ailcyl having from 1 to 18 carbon atotns, or benzyl. 
7. The use of the polyamide of any of claims 3 to 6 for producing 
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C57) Abstract 

The tDvcodoQ rcUtei to a proceis for die prodnciion of inberemly tight- and beai-uabilized potyamides, in which pdymcrtntioD 
nd polyGODdensation take place in the preseoee of at least one tii-acetone diamine conyouad of f omnila (IX whaein R is IqfdrQgen or 
hydrocarbon groupa whh 1-20 caibon aiama, pielenbly alkyl gioiq>i widi M8 caitao atoms, or a benzyl group. 

C57) ZusammcBtanins 

Die Erfindimg betriBk ein Verfihren zur ItosieOttng von inhbtm Hchi* und hitusuhillsjenai Polyamiden, db» Po^rmerisatioii 
bm. Polykondensadon fai Gegcnwan von mindesiena dner Ttiacetondiamin-Veibinihmg der Fonnd (I) duichgdtbrt wird, wobd R 
Wisscrstoff oderKohtenwassersuf&cste mil 1 bis 20 OAtooieo, bevoRogt Alkylpuppca mil 1 bis 18C-Atomeo,odereineBcn^Ignippe 
bedeutcL 
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Inh rently light- and heat-atabiliied polyamidas 

Tlx* praaant InvMitlcm ralataa to inproved polyaaddas. 
Mora particularly, tha praaant Inventitm ralataa to 
iaharantly light- and haat-atabilisad polyanidaa. Tha 
5 prasant invantion furthar ralataa to a proeasa for 
pr^aring thaaa polyamldaa and to thair uaa. 

Tha haat atability o£ polyaaidea, including nylon 6 and 
nylon fi6, ia inaufficiant £or aona applicatlona . For 
laatanoa, coloration problama can ariaa aa a rasult of 

10 cheaical ehangaa {oxldatlva/tharmal dainaga) to tho 
poly&ar during earpat yam or taxtila fabric haat Bat- 
ting. Both eoatinuoua filaaiwtxta and atapla fibara aay bo 
af factad. It is known to add stabilixars to the polyamlde 
to la5>rova thaaa propartiaa. Such an addition can taJc« 

15 placa bftfora, during or aftar tha polynarixation, for 
exas^la during tha proeaaaing. The cuatonary known 
atabilixara ara nixed into tha polymar and ara not bondad 
to tha polyaar chain. During proeaaaing or uaa thay can 
iftigrata, avaporata or %»aah out of tha polyaar more or 

20 laaa readily, so that the effactivenaaa of tha atabiliza- 
tion decraaaaa in an undaairabla manner and tha aurround- 
inga (air, dyabath) »ay baeona contaainatad. 

DB-\-20 40 975, Sankyo Co. Ltd., deacribea tha atabilisa- 
tion of aynthatic polymera, including polyamldaa, with 

25 4.aBinopiparidina darivativaa. Among the multiplicity of 
4-aminopiparidina darivativaa diadoaed therein ia 
4-amino-2,2,«,«-tetramathylpiparidine (ef. »o. 32 on page 
8 of tha document). Rowavar, thia piparidine derivative 
ia neither particularly singled out nor used in any 

30 Bxaapla. According to thia reference, tha 4-amino- 
piperidina der.'vativaa ara mixed with the ready-prepared 
p lymer without becoming attached t the polya r hain. 

OB-C-39 32 912, Sandox, eoneema polyamidaa containing 
radicals with atarically hindered amino groups. 


•1 


f 
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incorporat d ia the sboI oule. Th stuaber f radieala is 
from 5 to 200 p r polyamld molecule on average. Accord- 
ing to this reference, these polyaxaidea ar useful, inter 
alia, for i2Q>roving the dyeabllity f polyamid a and as 
5 light stabilizers for plastics; they are to be incor- 
porated in aiBOunts of 1-10% by weight, particularly in 
the Belt. 

A paper in Poly. Deg. and Stab/ 21, 251-262 (198a), 
states that the light stability of nylon 66 is iaproved 

10 on addition of 2,2, 6, 6-tetraittathyl-4-piperidiaol (TMP) . 
The authors assuine {see p. 259) that the TMP has reacted 
with the carboxyl end groups of the polyamide during a 
melt postcondensation of the TKP-including nylon 66 at 
275^0 under a water vapor atmosphere. But, they say, 

15 there are signs of (undesirable) crosslin)cing during the 
later stages of irradiation. 

It is )cnown to use amines or mono- and dicarboxylic acids 
as chain regulators in the polymerization of polyamldes, 
and monocarboxylic acids are very predominantly used for 
20 this purpose in practice. 

It is an object of the present invention to provide 
inherently light- and heat- stabilized polyamides and 
processes for preparing them. 

We have found that this object is achieved when a 
25 triacetonediamine compound of the formula 



where R is hydrogen (4-amin -2,2,6, 6-tetramethyl- 
piperidine) r hydrocarbyl having from 1 to 20 carbon 
atoms, pr ferably alkyl (4-amino-l-allcyl-2,2, 6, 6-t tra- 
methylpiperidine) having from 1 to 18 carbon atoms, or 
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benxyit is added before or in thft course of the polysner- 
Izatlon of the polyasiid 

The preaent Invention accordingly provides a process for 
preparing polyamideBf which can^rises effecting the 
5 polymerization of starting monomers in the presence of at 
least one triacetonediamlne con^nnd of the formula 


NH2 


CH 



CHs I CH3 


^ere R is hydrogen or hydrocarbyl having from 1 to 20 
carbon atoms, preferably alkyl having from 1 to 18 carbon 
atos&s« or benzyl. Preferred esibodiments of the process of 
10 this invention are described in subclaims. The present 
invention further provides an inherently light- and heat- 
stabilised polyamide containing an amine radical of the 
formula 

NH* 

CH3 j C»j 



where R is as defined above, chemically bonded to the 
15 polymer chain. Preferred polyamides of this Invention are 
defined in corresponding subclaims. 


The triacetonediamine coonpound is added to the starting 
monomers or the polymerizing reacti n mixtur and becomes 
b nd d to the end of the polymer chain thr ugh r action 
20 of its primary amino group with the starting monomers or 
with the carboxyl groups of the polyamid being f rmed. 
The secondary amino group of th triacetonediamine 

coocDOund does not react becaus of steric hindrance. 
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Thusr the triacetonediaziLixio compound aloo acts as a chain 
r gulator. • 


■;4 
.11 


Tha chemical bonding of the triacatonediamine ccsnpotind to 
the polymer chain of the polyamide result a in inherently 
5 stabilised polyamidea being obtained. The proceeo of this 
Invention thus offers the advantage of obviating the 
otherwise necessary separate step of mixing a stabilixer 
into the polyamide. This eliminates problems or quality 
reductions as can arise on incorporation of a stabilizer 

10 folloiring surface applicati«i to tha polyamide granules 
as a result of incompatibility, viscosity degradation, 
migration, vaporization or washof f of the stabilizer or 
a twofold stress as wibh conpotindlng, for example. The 
use of the triacatonediamine confound in the process of 

15 this inventicMi protects the polyamides against damage by 
the action of heat and thermal oxidation in processing 
and use. 

The polymerization of tha starting monomers in the 
presence of the triacetonediamine compound is preferably 

20 carried out according to customary processes. For ij 
instance, the polymerization of caprolactam in the 
presence of triacetonediamine (R - B) can be carried out 
for example according to the continuous processes 
described in DB 14 95 196 and DB 25 58 480. The polymer- 

25 ization of 66 salt in the presence of triacetonediamine 
can be carried out by the customary batchwiae process 
(sees Polymerisation Pr-ocesses p. 424-467, especially 
p. 444*446, Zntersclence, Hew York, 1977) or by a 
continuous process, fcr exaaiple as described in ^| 

30 BP 129 196. In principle « the triacetonediamine coopound 
and the starting monomers can be Introduced into the 
reaotor separately or as a mixture. The triacetonediamine 
cGo^und is preferably added acc rding to a pred t rmined 
amount/tim program. 

35 m a pr f erred eabodiiaent of the process f this 

invention, the e tart ins iiiMiQBierB ueed for nolvmerixatlon 
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ar caprblactaa r at least ona dicarboxylic a Id A 
0 lected from adlpic acid, sebaelc acid and t rephthalie 
acid and at least one diamine selected from hexa- 
methylenediamlna and tetramethylenediamine, or- dicar-- 
5 boxylic acid-dlamlne salta thereof. Caprolactam is 
particularly preferred. Dicarboxylic acid A is particu* 
larly preferably adipic acid or terepbthalic acid. Given 
the appropriate choice of starting monomers, the poly 
meriaatlon will lead to the preferred polyamides nylon t. 
IQ nylon 66^ nylon 46 or nylon 610. 

In a preferred esdbodiment, the triacetonediamine Cdvound 
is added to the starting monomers in an amount of from 
0,03 to 0.8 mol%, preferably from 0.06 to 0.4 mol%» 
based on 1 mol of carboxamide groups of the polyamide. 

15 This statement of quantity relates for example to 1 mole 
of caprolactam when nylon 6 is to be prepared or to 
0.5 mol of 66 salt when nylon 66 is to be prepared. It 
was found that a0£>ttnt8 below 0.03 mol% do not ensure 
sufficient stabilization, whereas amounts above 0.8 mol% 

20 make it iiqpossible to achieve the desired degree of 
polymerization owing to the regulating effect of the 
triacetonediamine compound. 

In a preferred embodixaent of this invention, the tri- 
acetonediamine compound Is combined with at least one 

25 customary chain regiilator. Bxampl as of suitable chain 
regulators are monocarboxylic acids such as acetic acid, 
propionic acid and benzoic acid. Thm chain regulator 
combination and the amounts used are selected inter alia 
according to the amino end group content desired for the 

30 end product and according to the desired melt stability. 
The amino end group content depends on the dyaability 
desir d f r the filamenta or fibers. The melt stability 
de^ nds on the practical requirements of processing 
products, especially In r lation t spinning. 


35 Th nylon 6 (polycaprolactam) prepared by the process of 
this invention, as well as the triacetonediamine com- 
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pound, pr ferably contains dlcarboxylic acids B as chain 
r gulators. M re particularly, such nylon 6 producta, as 
wall as poaa sslng th raguisite melt stability, the 
desired filaaent or fiber dyeability and good light and 
5 heat stability, also possess iaproved strength £or the 
filasents obtained, especially filaaents produced by 
high- speed spinning at very high rates of speed. 

The dicarboxylic acids B used as chain regulators in 
combination with the triacetonediaaine coo^und can be 

10 identical to or different from the dicarboxylic acids 
used as dicarboxylic acid A* They are preferably selected 
front C^-C^p-alkanediearboxylic aeids, especially adipie 
acid, azelaic acid, sebacic acid amd dodecanedioic acid; 
C^-CQ-cycloalkanedicarboxylic acids, especially cyclo- 

15 hexane- 1,4 -dicarboxylic acid; and also benzene- and 
naphtbalene-dicarboxylic acids, especially isophthalic 
acid, terephthalio acid and naphthalene- 2, 6 -dicarboxylic 
acid. The dicarboxylic acids B are preferably used in an 
amount of from 0.06 to 0.6 mol%, preferably from 0.1 to 

20 0.5 aol%, based on 1 mol of carboxaaide groups of the 
polyamide • 

In another preferred eabodiaent, the polymerization of 
the process of this Invention is carried out In the 
presence of at Idiast one pigaent. Preferred pigments are 

25 titaniua dioxide or Inorganic or organic coloring com- 
pounds. The pigments are preferably added in an aaount of 
from 0 to 5 parts by weight, especially from 0.02 to 2 
parts by weight, based on 100 parts by weight of 
polyamide. The pigments can be added to the reactor with 

30 the starting aaterials or separately therefrMi. The use 
of the triacetonediaaine conpound (also as chain 
regulator constituent) distinctly inproves the light 
stability of tLe polyxaer compared with a polymer compris- 
ing nly pigment and c ntaining n triacetonedlamln . 
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light- and heat-stabilized polyamide of this inv ntion 
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for producing filanwats, fib ra r filmB. This invention 
further r lat a to a proceea f r producing filaments 
baaed on polycapr lactam by high-opeed spinaing at 
takeoff speeda of at least 4000 m/min and to the 
5 filaments thus obtained. In addition, tbia invention 
encompaasea the use of filaments obtained according to 
this invention for producing fibers and fabrics and also 
the fibers and fabrics obtainable by this. use. 

The Sxaaplea which follow ill.ustrs.te the invention. 

10 General remarks concerning the Bxampleo 

The relative viscosity of the polyamides (pellets and 
filaments) was determined in 1% strength solution 
(1 g/100 ml) in concentrated sulfuric acid (96% by 
weight) at 25*C. The end group content was determined by 
15 acidimetrie titraticm. The amino end groups were titrated 
with perehloroacetio acid in a solution in 70:30 (parts 
by weight) phenol/aethanol . The carboxyl end groups were 
titrated with potassium hydroxide solution in a solution 
in bensyl alcohol . 

20 The level in the polyaaides of the triaeetonediamine 
cos«>ound and of any dicarboxylic acids can be determined 
by hydrolyzing a sample in dilute mineral acid and 
analysing the hydrolyaate by customary methods, for 
exasiple by gas chromatography. 


1 


-ill 

A 

m 

I 

#1 


25 The heat stability of the polyamide filaments was deter- 
mined under conditions which substantially correspond to 
those of heat setting processes in subsequent treatment 
stages, for exaiq>le heat setting of BCF (bulked con- 
tinuous filament) or tent r setting of textile fabrics. 

30 5 g hanks of the drawn fllamenta were rapidly introduced 
on a holder togeth r with the comparative samples into a 
through-circulation oven preheated to 185 and left 
th rein for 120 s conds from reattainment f the air 
temperature neasur d in dir ct sample vicinity. The 
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The daaage Incurred (coo^ared with an untreated Baaple of 
5 the same filament) was determined through the decresse In 
the relative viscosity and the amino group content and 
thB increase in the carboxyl grm^ content. 

The absolute decrease in the basic groups is then con- 
verted into a percentage decrease, based on the untreated 
10 yam saasile, to arrive at a more useful figure for actual 
service. 

The ultimate extension was determined using an Uster 
Tensorapid I and a clamped length of 200 mm in the case 
of partially oriented yam (POY) , of 500 mm in the case 
15 of drawn and textured yam. the yam time-to-mpture was 
within the range 20±2 seconds. The pre tensioning force 
was 0.025 cN/dtex in the case of POY and 0.05 cN/dtex in 
the case of drawn yam. 


25 


sample was then immediately romov d and cooled down in 
air at 20* C room teaqperature. Filaments t b compar d i|- 
were treated together. 


m 


M 


1 


i 


The tenacity Rg was calculated according to the following 

20 eepaation t 

Rg - Pg/Tt^ I 

where Pg is the ultimate tensile strength [cNl and Tt^ is J 

the original linear density [dtex] . The ultimate tensile ^ 

strength value used was the largest value obtained la the ^ 

ultimate extension measurements. | 


The ultimate axtezisioa Eg was determined as the ratio of | 
the length change Al at the moment of attainment of the | 
ultimate tensile strength to the original length 1^ of | 
th saii«>le according to th following equation! | 
30 B, - Al • 100%/!^ I 

where Al is the difference in the length £ th sampl 
th time of application of the ultimate tensil strength, 
1_, and the original length 1^. 
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R presantativ Bxanple 1 

Th polym rization r actor used was a VK tub vertical 
coluun reactor as described in EP 20946 conqposed of 
stainless steel, material No. 1.4541. The VK tube had an 
5 operating capacity of 340 1 and was heated with a heat 
transfer oil. 

A mixture of 100 parts by weight of molten caprolactam, 
0.5 part by weight of water and 0.33 part by weight of 
terej^thallc acid wslb continuously introduced into the 

10 first reaction zone at the top of the VX tube at a rate 
of 41 kg/h with stirring. At the sane time, triacetona- 
diamine was continuously fed as a separate stream into 
the first reaction aono of the VK tube at a rate of 
55 ml/h. The concentration of triaeetonediamine was 

15 accordingly 0.087 nol%, and that of terophthalic acid 
0.23 inol%, each based on 1 mol of caprolactam. The 
tei^eraturs of the first reaction zone was 266*'C; the 
pressure in the vapor phase above the first reaction zone 
was l.S bar absolute. The polycaprolactam was discharged 

20 from the VK tube at the base thereof* converted into 
pellets, extracted with hot water and dried. The dried 
polymer had a relative viscoaity of 2.70, an amino end 
group content of 39 meq/kg and a carboxyl end group 
content of 65 msq/kg. 

25 The product was spun at high speed as godet POY from jets 
having a hole diameter of 0.2 mm and a capillary length 
of 0.6 am on an Sms-Znvanta pilot spinning plant at a 
melt temperature of 275"C and a rate of 23 g/min per jet. 

The speeds wore 4520 m/min for the 1st duo, 4530 m/min 
30 for th 2nd duo and 4500 m/min for the Barmag Craft 
winder. 


Below the jet the yam was cooled in a Barmag transv rse 
flow quench box using a 20"C/65% relative humidity air 
stream having a velocity f 0.4 m/sec. Th yam was spin 
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finish d with a coom rcial spin finish coioposition 
(Lisianol E 100, from Schill & S ilacher, 0.65% yarn add- 
on) in the quench box via a metering puiBp and ceraialc 
oilers. The POY had the following properties: ultimate 
5 extension 72%, tenacity 4.1 cM/dteXr Uster standard test 
U% » 0.6. 

The yam was then cold^drawxi at 620 m/ain on a Zinsnr 
14 S draw-twiat aiachine to a draw ratio of 1:1.363 • The 
yam thus obtained had an ultimate extension of 37% « a 
10 tenacity of 5.2 cM/dtex and an Uster xinifonaity U% 
(standard test) of 0.7 • The 12 filament linear density 
was 43.1 dtex. 

The relative vleeosiby was 2.70, the amino end group 
concentration was 35 and the carboxyl end group concent- 
15 ration was 63 meq/kg. 

Cooparative Examplm 1 

Commercial nylon 6 of relative viscosity 2.67 without 
triacetonediamine was spun under identical conditions as 
in Representative Bxasple 1* The POY had the following 
20 properties: ultimate extension 73%, tenacity 4.0 cN/dtex, 
Uster standard test U % » 0.6* 

The yam was then cold*drawn to a draw ratio of 1:1.336. 
The yam thus obtained had an ult^imate extension of 43%, 
a tenacity of 4.8 cN/dtex and an Uster uniformity U % 
25 (standard test) of 0.5. The linear density of the 12 
filament yam wr * 43.8 dtex. The relative viscosity was 
2.66, the amino .d group content was 32 meq/kg, and the 
carboxyl end group content was 53 meq/lcg. 

The yam was subjected to a 120 s heat treatment in hot 
30 air at 185 *C and showed the following values: 
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Tabl 1 



BvprMwtatiw Conparativa 

tolatlv* vl«co»lty uBtrMt*d 

a. 70 a.6« 
a. 45 a. 20 

-0-25 -0.46 

Amltto And groups ustr««t»d 
(a«q/k9) tr«*t«d 

dMr«as« (%) 

35 32 
25 21 
-11 

-36% -34% 

CarboxyX grou^^ untrsatsd 
iner«a»« 

«3 53 
€7 71 
♦4 


Table 1 revealo that the nylons 6 of this invention 
decre&ee less in relative viscosity and amino group 
content and increase less in carboxyl group content in 
10 the heat treataent than the polyamide of Coanparative 
Sxa]q>le I and thus possess better heat stabilization. 

Kepresentatlve Bxaxsple 2 

Caprolactam was polymeriaed in the same VK tube as in 
Representative Exanple 1 in the presence of 0.38 ibo1% of 
terephthalic add, 0.20 mol% of triaeetonedlaalne, 0.5% 
by weight of water and 0.3% by *»eight of titanium dioxide 
(as delusterant) . The polymerization was carried out in 
the first reaction xone at a teB5>erature of 255 and at 
atmospheric pressure with a throughput of 25 kg/h. The 
procedure was otherwise in correspondence with that 
described in Representative Example 1. The dried product 
had a relative viscosity of 2.37, an amino end group 
content of 45 aeq/kg and a carboxyl end group content of 
79 meq/kg. 

25 The product was melted in a Barmag single- screw extruder 
and f d at a m It tempera tur of 270»C into a Barmag 
SP 42 spinning system. Th m It waa spun at a rate of 
22.6 g/min p r jet through 12 -hole spinning jets having 
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capillary holes 0.20 ma is diaaiater and O.GO sim in length 
to produce 12 filament strands having an as -spun (POy) 
linear density of 52 dtex and taken up at 4500 m/min. 
JLfter passing through a quench box with a transverae 
5 (jueneh flow of 0.40 n/sec and spin finishing with from 
0.$0 to 0.65% of a coimercial spin finish conrposition 
(Liaanol B 100 fron Schill & Seilacher as 8% strength 
solution) the filament strands were taken off via 2 godet 
duos at 4510 m/min and 4535 m/min, respectively* The 
10 winding head used was an axially driv«m Barmag Craft 
winder* The POT had an ultimate extension of S5%, a 
tenacity of 4*S eW/dtex and a boil-off shrinkage of 9%. 

The POY was cold-drawtwisted at 748 m/min on a Rieter 
J5/10a draw* twist machine* The yam tension in the 
15 prestretch zone was 0.8%, and the total draw ratio was 
1:1.298* 

The drawn filament yams had an ultimate extension of 
3S%, a tenacity of 5.2 cN/dtex, a linear density of 
44 dtex for 12 filaments and an Uster U % (standard test) 
20 of 0.7* 

The relative viscosity was found to be 2.41, the amino 
end group content was found to be 42 meq/kg and the 
carboxyl end group content was found to be 74 meq/kg* 

Comparative Bxaaple 2 

25 Commercial nylon 6 having a relative viscosity of 2*39 
and containing no triacetonediaaine was extruded in the 
manner described in Representative Sxaaple 2 . Cooling and 
spin finishing of the yam were carried out as described 
above. The POT was wound up at 4500 m/mixx without godets* 

30 Th POY had an ul timet exten^i<m f 62%, a tenacity f 
4*2 cH/dtex and a b ll-of£ shrinkage of 9%. 


Th POY was cold-drawn as in Repr sentativ Bxaaple 2 to 
a total draw ratio of lsl*279. Th drawn filament yam 
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had an ulfcinata axtanaion of 34%, a tenacity of 
4.6 cNfUtoXr a linear density of 43.6 dtex for 12 fila- 
ments and an Uster iralu U % (standard test) of 0.9. 

The relative viscosity of the yam was 2.41, the amino 
end group content was 25 meq/kg and the cacboxyl «ad 
group content was 65 aieq/kg^ 


» 17/ 32 


■m. 


10 


Tha yarn waa subjected to cosdltiMis corresponding bo a 
textile tenter setting (1B5",C hot air, 130 sec) and the 
following properties were aeaeuredt 

Table 2 


■m 
■m 


IS 




tr«at»d 

2.41 2.41 
2.2t l.M 

-0.13 •O.ST 

jimino mnd grrapa ttBtr«fte«d 

dmexmmmm (%> 

42 25 
34 13 
-12 

•19% -49% 

Cmrtmcyl mad groupa imtrwat^ad 
Cv*q/kg> trutad 
iaerMsa 

74 C5 

75 93 
♦1 ^20 


Table 2 clearly shows that oaprolaetam polymerized to 
nylon 6 in the presence of triacetonediamine has better 
heat stabilisaticm than the nylon 6 of Co^arative 
Sxasfple 2, Ydilcb contains no triacetonediamine • 


m 


m 


20 Representative Bxaiople 3 

Polyaadde prepared as in Representative BxaDople 2 but 
without th addition of titanium dioxide was s bjected to 
high-speed spinning in accordance with R presents tive 
Bxasgple 2e The POY had an ultimate xtension of 64%, a 
25 tenacity of 4.7 cN/dtex and a boil-off shrinkage of 10%. 
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Th drawing was carried out under the conditions r cit d 
in Representative Bxanple 2. Thereafter the drawn yarn 
had an ultliaate extension of 37%« a tenacity of 
5.4 cH/dtex« a boll -off shrinkage of 14%, an Dster 
xuxiformity U % (standard test) of 0*8 and a 12-filaBient 
linear density of 44 dtex. 


5 


10 


The relative viscosity was 2.40, the amino end group 
content was 42 meq/Icg, and the carboxyl end grot^ content 
was 74 aeq/kg. 

Cosqparative Exaop^* 3A/3B 


m 


15 


2 types of cosmercial nylon 6 of relative viscosity 
2.40 (3A) and 2.44 (3B) , re^ectively, were subjected to 
high-speed spinning in accordance with Representative 
Bxaa^le 2. The spinning temperature was 275''C« and the 
speed of the godet duos was 4510 m/mln and 4520 a/aln, 
respectively. 


Table 3 


The POT had the following pr^ertlesf 




InrMMtatiw 

mfpr^f^tafiTt., 




* T^" IP 



€4% 

€8% 

20 


4.4 cH/dtw 

4.2 eH/dtu 


Boil^of £ Bhrlnkagc 

8% 

8% 


Vmtmr (atukaud tMt) u% 

a.c% 

0.5% 


i3-£iluftBt liaMT dually 

51 dtax 

52 dtax 


Thm VOX ma th«& eold-dravn oa drm- twist Mehinas to t^m drw ntless 



lsl.257 

111. 31} 

25 

«ad had thm datai 




Ultimata axtaaaioft 

44% 

38% 


Taaaeity 

5.0 eH/dtMC 

4.8 cS/dtax 


Boil- t£ ahriakaga 

11% 

12% 


0*v«r Ifftaadard t«at) Xfh 

o.c% 

0.8% 

30 

X2't±lmmmat liaaar danai^ 





45 dtax 

43 dtax 
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Tb following data were det radned following the h t-alr 
treatment: 



t^. Bk. 3 






2.40 

a. 37 






1.93 

1.33 




-D.21 

•a.«4 

-0.32 




43 

34 

43 




>4 


23 




•t 


-14 




-I»% 

-33% 

-17% 

Casbeaqrl 



74 

(5 

51 





•4 

44 




♦4 

♦31 



According to Table 3> nylon 6 of this invention has 
better heat stabilization than the nylon 6 types of the 
10 conparative exaoples. 

Representative Sxanple 4 

Caprolaetaa wau polynerised in the sasie VK tube as in 
Representative Eacanple 1 in the presence of 0.55% by 
weight (0.375 bo1%) of terephthalie aeid. 0.33% by weight 

15 (0.239 aol%) of triaeetonedianine, 0.5% by weight of 
water and 0.3% by waigftit of titanium dioxide. The poly- 
merisation was emrried out in the first reaction zone at 
a teo^rature of 255 *C and at atmospheric pressure with 
a throughput of 25 kg/h. The procedure was otherwise in 

20 correspondence with that described in Representative 
ExaB^le 1. The dried product had a relative viscosity of 
2.42» an amine end group content of 46 meq/kg and a 
carboxyl end group content of 70 meq/kg. The extraetables 
content was 0.38%. 

25 This was followed by godetless spinning at 4500 m/min in 
accordance with Cooqiarative Sxaqpl 2, then cold-drawing 
to a draw ratio of 1x1.229 and warping at 600 m/min. 


The POY had a 12 filament lin ar density of 52 dtex, an 
ultimate extension of 59% and a tenacity of 4.1 cN/dtex. 
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An average of 0.5 d fects/lOO 1cm were found in the 
Blkoneter teat (gap aiz 45 iun) . 

The dr«%m yam haa an ultlaate extenelon of 36* and a 
tenacity of 4.3 cM/dtex. The 12 filament linear denaity 
5 vaa 46 dtex. 

comparative Bxampla 4 

Caprolactam waa polymerixed in the aame VK tube aa in 
Repreaentative Example 4 in the preaenee of 0.53% by 
weight (0.361 mol%) of terephthalic acid. 0.5V by weight 

10 o£ water and 0.3% by weight of titanium dioxide. The 
polyeriaation waa carried out in the firat reaction acne 
at a t«ii5>arature of 252 'C. The procedure waa otherwiae in 
correapondence with that deacribed in Repreaentative 
Bxaii«»le 4. The dried product had a relative viacoaity of 

15 2.39. an amino end group content of 27 meq/kg and a 
carboxyl end group content of 92 meg/kg. The extractablea 
content waa 0.32%. 

50 kg of the above nylon 6 chipa were admixed with 165 g 
of triacetonediainlne (TAD) (0.33% by weight) in liquid 
20 form by dnia»ii»g on in a gyro wheel mixer for 2 houra. 

The chipa accordingly conpriaed the aame amount of TAD in 
admixture and contained virtually the aame terephthalic 
acid content (as part of the polymer) aa the above- 
deacribed product 4| the two producte were identical 
25 except for the manner of the addition of the TAD. 

The drummed-on TAD doea not abaoxb completely into the 
chipa. They remain TAD-moiat and have a atrong amine 
odor. Thi. property ia extremely diaadvantageoua in 
handling, in addition, extenaive aafety precautiona ar 
30 n ceaaary. aince TAD la corroaiv . 

During the reaidenc time in the apinning ayatem. the 
vi-coaity increaee- normally in the eaa of Repreaenta- 

JUL 05 2001 10:59 "^^^ 


- 17 - 

tive Sxaiq>le 4, wli r as it d cr as 0 dramatically in th 
ease of Co^arativ Exasople 4. Other advantages of 
Representative Sxanqple 4 are the comparatively small 
change in the number of asdno groups and in the extract- 
5 ables content (determination; 16 hours of extracti<» with 
methanol under reflux) and the fact that there is signi- 
ficantly less fuming in the spinneret region during 
spinning. 

Table 4 

10 Chemical data of free-fall yam 



VLmp. Ex. 4 

CCHV. as. 4 

Rttlativ* vl»eo»ity 

7.4$ (♦ 0.04)^ 

2.24 (-0.15)^ 

Xnd 9^r^^P' 
Carboxyl (ug/kg) 

43 CO) 

54 

84 C-4> 

■jttnet iW 

1.4 (♦1.0) 

l.» 1.5) 


1) Values in braclcets; changa cdstpared with chips 

used; in the case of Cosnpar* 
ative Bxample 4, compared 
with the base polymer with- 
20 out TAD. 

The spinning and further processing were carried out 
under the conditions recited in Representative Bxample 4. 
The POY had a 12 filament linear density of 52 dtex» an 
ultimate extension of 54% and a tenacity of 3.8 cN/dtex. 
25 An average of 7.5 defects (nodules, broken filaments, 
loops) /lOO km were found in the Blkometer test. 

After drawing, the ultimate extension was 35% and the 
tenacity 4.2 cK/dtex. 
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Tabl 5 



ft«p. Sx» 4 

Confix Bx. 4 

Spismlng I>r«a1ta9«« 
100 kg 

1.3 

4.0 

tlk0Mt«r fmt 

O.S 

7.5 

Draving d«£«et»/200 kg 

I.f 

14.5 

Warping d«f«ets/iOO 

a. 057 

> 0.45 


Ab is discernible from Table 5, the nylon 6 of 
Representative Bxasq^le 4 according to the invention has 
10 loirer defect nuBibers in all processing stages than the 
nylon 6 of CoBs><^rative Bxaaple 4, into ^ich the TAD was 
Incorporated by adxing into the polyaadde. 

In Representative Bxanple 4« TAD is aiore 
completely/strongly attached in the polyamide than in 
15 Coeparativa Bxaaple 4. Thus, less aaine passes into the 
aqueous phase in extraction processes (in dyeings, for 
exaaqple) . 

Folloiring one hour extraction with boiling water under 
reflux of POY wo\md up without spin finish, the following 
20 chesLical data were determined: 


Table 6 

i 



B^. Bx. 4 

Cqb^* BB* 

4 

k«l. Yiveoslty 

b«for« Mteutioa 

2.42 

2.20 



mttmr wtraetiea 

2.49 

2.20 




♦0.07 

♦0.06 


Aaiao And groups 





(s»g/k9) 

b«fe3r« Mtr»etloa 

42 

55 




42 

50 



dltf Tmnem 

*o 

-5 


As is evident 

froQB Table 6, 

the number 

of amino 

end 


before and after extraction remains the same in 
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th polyamlde o£ UiiB Inventl n, irtier as the cooBparatlva 
axa^ltt has fairer amino end groups aft r extraotlon. 
Thus, less amine passes into th aqu ous phas on 
extraction of the polyamide of this invention. 


Coaqparative Bxaaple 5 

Commercial nylon 6 of relative viscosity 2.39, delustered 
with 0.3% titanium dioxide and containing no triacetone- 
diamine was spun into filaments in the manner described 
in Comparative Example 2. 

The POY had a 12 filament linear density of 51 dtex, an 
ultimate extension of 57% and a tenacity of 3.8 cN/dtex. 
After cold drawing to a draw ratio of It 1.244, the values 
listed below in Table 7 for Uxe untreated sample wore 
determined. 

The irradiation and the measurement of the ultimate 
extension and ultimate tensile strength were carried out 
jointly with Representative Bxaaple 5. The results are 
listed in Table 7. 

Represmtative Exanple 5 

Caprolactam was polymerized from the same starting 
materials and quantities under the conditions specified 
in Representative Example 4 using the same titanium 
dioxide type as In Comparative Bxaaple 5. The dried 
polyamide had a relative viscosity of 2.43, an amino end 
group content of 44 meq/kg and a carboxyl end group 
content of 71 meq/lcg. The extractablaa content waa 0.36%. 

Spinning was carried out godetlessly at 4500 m/min as 
d scribed In Con^ratlve Bxaagple 2. The POY had a 12 
filament lin ar density of 51 dtex, an ultimate extension 
of 61% and a tenacity of 4.3 cW/dtex. 

After cold drawing to a draw rati of 1:1.244, the values 
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listed belcm In Table 7 for the untr ated sample wer 
determined. 

The yam was then woxmd on £rames and irradiated for 28 
days in a Zenotest 450 from Heraeus, Banaur and the 
residual ultimate extension and the residual ultiaate 
tensile strength were determined in accordance with 
DIN 53834 using a danped length of 100 mm on a Zwick UPN 
1425 tensile tester. The results are listed in Table 7. 

Table 7 


25 




mmp, Ba. S 

Coap. BK. 5 

10 





U-tilBMBt liBMr dmity (dtM> 

44 

44 


Ultlm«t« mt«BaioD (%) 

35 

3» 


Ulti3Dat« t«&sil« vtrragth (cK) 

199 

196 


Tsueity (cN/dt«x) 

4.52 

4.45 

15 

Aftw at days' izxadimtloa in XanotMt 




450 




Rasldttal ultiaat* •xtauion (%) 

23 

16 


(- % of original valM) (%> 

(SO 

(41) 


Raaidaal ultiaata tanaila (cM) 

13 C 

97 

20 

■traagth 




(- % of original valua) (%) 

(68) 

(49) 


It is clear from Table 7 that the polyasiide prepared in 
the presence of triacetonediamine and Ti02 (Representa- 
tive Bxasple 5) has a distinctly iaproved light stability 
compared with a cooparative polymer (Comparative Example 
5) including only TiO^ and no triacetonediamine. 
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BASF AkticngcscUschaft 


October 18. 1996 
NAE19930472PCAU G/Nb/an 


3 Wc claim: 

1, A process for preparing polyamidcs, which comprises effecting the 
polymerization of starting monomers in the presence of at least om 
triacetonediamine compoimd of the fonnuta 


10 



CBs 


15 wtere R is hydrogen or hydrocarbyl having frwn 1 to 20 carbon 
atoms, preferably alkyl having from 1 to 18 carbon atoms, or bemgrl. 


30 


25 


2. A process as claimed in claim 1, wherein the polymerization is further 
carried out in the presence of at least one pigment. 

3. Inherently light- and hcat-stabilized polyamide containing an amine 
radical of the fonnula 


NH- 


Oh 


CH3 



CHj 


30 


where R is as defined in claim 1, chemically bonded to the polymer 
chain. 
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X2. 

4. Poiyamidd as daimad in daim 3. comprising at least one pigm nt. 

5. Poiyamide as daimed in dalm 3 or 4. obtained, by one of 'Vie 
processes for preparing poiyamides claimed in any of daims 1 to 2. 

6. Poiyamide as daimed in any of daims 3 to 5, containing from 0.03 to 
0.8 mol%. preferably 0.06 to 0.4 moi%, o the amine radicaT, based on 
1 nfK}l of carboxamide groups of the polymer chain of the polyamida. 

7. The use of the poiyamide of any of claims 3 to 6 for produdng 
filaments, fibres or films. 

8. A process for producing poiyamide filaments as set forth in any of 
daims 3 to 6 or obtained as daimed In daim 1 or 2 by high-speed 
spinning at takeoff speeds of at least 4000 m/min. 

9. RIaments obtained according to the process as daimed in claim 8. 

1 0. The use of the filaments obtained according to the process as daimed 
in daim 8 for produdng fibres and fabrics. 

11. A process as daimed in daim 8 wherein the poiyamide filaments are 
nylon-6 (polycaproiactam). 


DATED on this 23rd day of September, 1997 
BASF AKTIENGESELLSCHAFT 


WATERMARK PATENT* TRADEMARK ATTORNEYS 
290 BURWOOD ROAD 
HAWTHORN VICTORtA 3122 
AUSTRALIA 
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Inherently light- and haat-atablllz d polyamld s 
Abe tract 

A process for prepar^ing inherently light- and heat- 
stabilized polyamidea ccssprisea polymerizing in the 
presence of at least one triacetonediamine canpound of 
the forxBula 



R 


where R is hydrogen ox hydrocarbyl having from 1 to 20 
carbon atoos, preferably allcyl having from 1 to IB carbon 
atoms, or benzyl. 


i 
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